Materials and methods
ZrO 2 Precursor Sol Synthesis: Briefly, a mix of ethanol, acac, zirconium n-propoxide, HCl, water and F127 in a molar ratio of 40:1:1:1:20:0.005 is prepared. Zirconium propoxide, acac and F127 were dissolved in 80% of the total ethanol and the mixture was stirred for one minute. HCl and water dissolved in the remaining ethanol were added dropwise while stirring to the first solution. The final sol was then stirred during one hour.
SiO 2 Precursor Sol Synthesis: For the synthesis of the SiO 2 sol, we used 9 ml of tetraethyl orthosilicate and 68 ml of absolute ethanol. After some minutes under vigorous stirring, 3.44 ml of H 2 O and 0.16 ml of HCl (0.05 mol·L −1 ) were added. The resultant solution was stirred overnight before use.
Deposition of Optical Multilayers:
Optical multilayers were fabricated by the alternated deposition of layers prepared with ZrO 2 precursor sol and SiO 2 nanoparticle suspension (1% wt in methanol) using a dip-coater. The SiO 2 dense layer was employed to prevent the infiltration of the ZrO 2 precursor sol into SiO 2 and GdVO 4 : Eu 3+ nanoparticle layers, which are inherently porous. To guarantee the same optical property of both sides of photonic crystal, the first and the last layers were ZrO 2 ocatings. The withdrawal speeds of the substrate in ZrO 2 sol, SiO 2 nanoparticle suspension, SiO 2 sol and nanophosphor suspension were 120, 120, 50 and 120 mm·min -1 , respectively. The multilayer starts with the deposition of the ZrO 2 sol on top of a clean zero-fluorescence microscope glass slide. This first layer was treated at 500 o C for 30 minutes. Next, a layer of SiO 2 nanoparticles is deposited on top of the ZrO 2 layer in several steps of the same suspension to increase its thickness with a waiting time of 60s between dips to ensure solvent evaporation. After that, a dense SiO 2 layer was coated with a soaking time of 30s in the corresponding precursor sol, then a 10 min of heat treatment at 500 o C was followed to stabilize the layer. This process is repeated until five unit cells were deposited. Then, a nanophosphor layer sandwiched between two ZrO 2 layers was coated in several steps with a 5 min of heat treatment at 400 o C between dips to build an optical cavity. Another five unit cells were deposited after the sample cooled down to room temperature. For the sake of comparison, a GdVO 4 : Eu 3+ nanophosphor layer sandwiched between two ZrO 2 was also prepared for referencing purpose.
Structural characterization:
The crystalline structure of as-prepared nanophosphors was investigated by X-ray diffraction using a Panalytical, X' Pert Pro diffractometer. The shape of the nanoparticles was examined by transmission electron microscopy (TEM, Philips 200CM).
FESEM images of the multilayer films deposited onto glass were taken by using a microscope Hitachi S4800.
Calculations:
The spectral dependence of the spatial distribution of the electric field intensity was calculated using an in-house code based on the transfer matrix approach. A genetic algorithm was employed to find the structural parameters that yield a targeted optical response.
Optical characterization:
The excitation and emission spectra as well as the lifetime of these samples were measured with a Horiba JobinYvon spectrofluorometer (Fluorolog FL3-11 ).
Reflectance spectra were measured using a Cary 7000 series UV-Vis-NIR spectrophotometer. 
